Introduction
============

Diabetes mellitus is known as a common public health problem and it has been identified as one of the five global causes of death ([@B1]). Previous reports showed that intensified oxidative stress following increased blood glucose plays an important role in creating of diabetes-induced complications ([@B2]). Severe reduction in serum concentration of testosterone beside negative impact on reproductive system as; remarkable reduction in accessory sex glands weight, reduced epididymal sperm content and increased thickness of basement membrane are reported for diabetic patients ([@B3], [@B4]). According to previous experiences the diabetes-induced derangements are not controlled by administrating unique compound, indicating several impacts of diabetes.

Furthermore, the available drugs have undesirable side effects such as hypoglycemic and diabetes complications associated with oxidative stresses ([@B5]). Therefore, using antioxidant compound in order to prevent and/or delay oxidative stress-dependent degeneration seems to be more logic ([@B6]). The beneficial effects of antioxidants in preventing or ameliorating testis damage in rodents have been shown in some studies ([@B7]). Honey is a natural product of bees and it contains of different compounds such as carbohydrates, conventional minerals, proteins, vitamins, organic acids, enzymes and antioxidants such as catalase, peroxidase, alkaloids, polyphenols and flavonoids ([@B8]). Beside all above mentioned, the honey exerts many medically beneficial effects including; hypoglycemic, antioxidant, hepatoprotective, reproductive, antihypertensive effects ([@B5], [@B6], [@B9], [@B10]).

Other studies clarified that honey reduced the level of lipid peroxidation in the testis of rats exposed to cigarette smoke and it may ameliorate oxidative stress in the gastrointestinal tract (GIT), liver, pancreas, kidney, reproductive organs and plasma/serum ([@B6], [@B11]). Also the synergistic antioxidant effect of honey with antidiabetic drugs in the pancreas, kidney and serum of diabetic rats has been reported ([@B6]). Metformin is a normal hypoglycemic agent and a drug regulating blood sugar. Its main task is to increase insulin sensitivity in liver and facilitating the transport of glucose in hyperglycemia and insulin resistance ([@B12]). Although metformin has been known for a choice used-compound for poly cystic ovarian syndrome, on the other hand its potential harmful impact on gonads growth has been reported in male fetuses ([@B13], [@B14]).

Herein we minded that the administrating a compound with antioxidant properties associated with one substance which is able to induce the hypoglycemia can control the diabetes-inducing damages. Therefore in current study, the effect of natural honey (as an antioxidant) co-administration with MF (as a hypoglycemic drug) against diabetes-induced damages was investigated.

Materials and methods
=====================

**Animals**

This study is an original experimental research. To follow-up present study, 36 mature Wistar male rats (5 weeks old), weighing 200±20g were purchased from Pasteur Institute of Tehran and acclimatized in an environmentally control room for one week (12h light/12h dark cycle at temperature of 25±2^o^C). The rats were fed with standard food and tap water *ad libitum.*All experiments were conducted in accordance with the Institutional Guidelines for the Care and Use of Animals for Experimental Purposes of Urmia University.

**Induction of diabetes**

Animals were off fed for 12 hours. Then diabetes was induced by intraperitoneal administration of Streptozotocin (STZ, Sigma, U.S.A.). Three days after STZ injection (65 mg/kg b.w), development of diabetes was confirmed by measuring glucose level in fasting blood samples taken from tail vein using Accu-Chek glucometer (Roche, Germany). Rats with blood glucose concentrations of 220 mg/dl or higher were considered diabetic and included in the study. Blood glucose levels of the control rats remained normal (\<100 mg/dl).

**Compounds preparation**

Honey was obtained from forests of Ilam province and its naturality confirmed by the Agricultural Research center of Ilam. Physicochemical properties of honey were measured according to harmonized methods of the International Honey Commission (Bogdanov, 1999) and National Iranian Standard No. 92 (honey-Specifications and test methods). Honey contained 0.986% of total reducing sugar including \[fructose (35.56%), glucose (30.04%); fructose/glucose ratio (0.99)\], sucrose (1.14%), water (17.5%), Hydroxymethyl furfural (HMF) (3/40mg/kg), Radical scavenging activity (57/25% inhibition) and Antioxidant activity of 328/32 μM Fe (II). The honey (1.0 g/kg b.w) was freshly dissolved with distilled water just before each administration. MF (HEXAL, Germany) 100 mg/kg b.w. was dissolved in distilled water before administration ([@B5]).

**Animal treatment**

Thirty six mature male Wistar rats were divided into six groups (N=6 in each group) as control and test groups. The test group subdivided into 5 groups as;

1.  Diabetes-induced (D); a single dose of STZ was administrated (65 mg/kg., ip).

2.  Honey-received diabetic group (HD); received 1 gr/kg/day honey orally by gavage.

3.  Metformin-administrated diabetic group (MD); received 100 mg/kg metformin by oral gavage.

4.  Honey and metformin co-treated diabetic group (HMD).

5.  Non-diabetic-honey-administrated group (HC).

The control group (C) received0.5ml of saline normal. All compounds and vehicles were administrated for 4 weeks. The animals were off-feeded for 16 hours and then the tissue and blood samples were collected.

**Serum sampling**

Blood samples were collected directly from heart in centrifuge tubes without anticoagulants and allowed to clot. The clotted blood was then centrifuged at 3000 g for 10 min. Serum was separated and then quickly stored at -80^o^C for biochemical analyses

**Evaluating serum levels of FSH, LH, Testosterone and insulin**

The serum levels of luteinizing hormone (LH) and follicular stimulating hormone (FSH) were assayed using the method of double antibody enzyme immunoassay as described in the kits purchased from Biosource, Belgium (FERTIGENIX-FSH-EASIA code 40 170 12, FERIGENIX-LH-EASIA, code 40 131 00, and FERTIGENIX-FSH-EASIA code 40 084 00).Testosterone was assessed by using competitive chemiluminescent immunoassay kit (DRG Co, Germany; and Pishtaz Teb, Iran). The insulin was estimated by ELISA method.

**Histological analysis**

Analysis of the diameter of seminiferous tubules was done with calibrated lens using Sudaman method. In this method, the average of the small and big diameter of each tubule was calculated using the formula magnification ([@B15]).

$\sqrt[2]{\mathit{small\ diameter} \times \mathit{large\ diameter} \times \mathit{magnification}}$

The thickness of the epithelium was calculated starting from basic membrane until spermatids based on micrometer ([@B16]). To evaluate spermatogenesis index (SPI), 200 seminiferous tubules in one section from each animal were scored for sperm present in each tubule. A tubule was scored for spermatogenesis if it contained sperm ([@B17]).

**Statistical analysis**

Statistical analysis was carried out using SPSS 16 software (SPSS/PC-16, SPSS Inc, USA). The data were expressed as Mean±SEM which was used for ANOVA analysis and Tukey post Hoc test. The p\<0.05 was considered statistically significant.

Results
=======

**Biochemical changes**

The biochemical analyses manifested that, the animals in HMD, HC and MD groups, showed significantly (p\<0.01) higher serum level of testosterone in comparison to those in diabetes-induced group ([Table I](#T1){ref-type="table"}). The serum level of LH was significantly (p\<0.01) decreased in the diabetic control rats (D) compared to non-diabetic rats. Treatment with MF or honey significantly increased the LH level in diabetic rats. The animals in HMD group showed significantly (p\<0.001) higher serum level of LH in comparison to those in diabetes-induced group. No significant effect of honey in non-diabetic rats was observed ([Table I](#T1){ref-type="table"}).

Administration of HMD or HD significantly (P\<0.01) increased the levels of FSH in diabetic rats compared to diabetic control rats and diabetic rats treated with MF alone ([Table I](#T1){ref-type="table"}). The diabetic control rats had significantly (p\<0.001) reduced insulin level compared to non-diabetic rats. Treatment of diabetic rats with honey and Metformin as well as their combinations produced a significant increase in insulin levels compared to diabetic controls ([Table I](#T1){ref-type="table"}).

**Histological observations**

Histological analyses showed that the animals in group D exhibited remarkable (p\<0.01) reduction in seminiferous tubules diameter, while co-treatment with honey and metformin significantly elevated diabetes-decreased tubular diameter. The data for morphometric analyses are presented in ([Table II](#T2){ref-type="table"}). The percentage of tubules with positive SPI significantly (p\<0.01) reduced in group D versus to group C. In contrast, the treated (HD and HMD) groups manifested with increased percentage of tubules with positive SPI ([Table II](#T2){ref-type="table"}). More light microscopic analyses revealed that the germinal epithelium thickness significantly decreased in non-treated diabetic group. Meanwhile the treated animals were exhibited improved germinal epithelium thickness. Comparing the interstitial edema between different test groups showed that, the honey and metformin-simultaneous administration inhibited the diabetes-induced edema ([Table II](#T2){ref-type="table"}).

Texture studies showed that in C and HC groups, the seminiferous tubules and the germinal epithelium are completely healthy in terms of appearance and all levels of spermatogenic cells ([Figure 1-A, 1-F](#F1){ref-type="fig"}). However, light microscopic analyses showed that the germinal epithelium of the diabetic rats underwent to a severe degeneration which was manifested with remarkable reduction in germ cells height. Moreover observations demonstrated that the germinal cells dissociation increased in diabetic rats which it was accomplished with dislocations in several tubules. Increased interstitial tissue expansion with remarkable edema between tubules observed in diabetes-induced rats.

Animals in MD and HMD groups were manifested with remarkable reduction in seminiferous tubules degeneration, increased germinal epithelium height and significant improvement in cellular junction ([Figure1-C, 1-H, 1-E, 1-J](#F1){ref-type="fig"}). In diabetic group treated by honey (HD), all seminiferous tubules were normal with increased germinal epithelium height and improvement in cellular junction and all levels of spermatogenic cells ([Figure 1-D, 1-I](#F1){ref-type="fig"}). Diabetic group that was treated by metformin (MD) also showed increased germinal epithelium height and seminiferous tubules compared to diabetic control group.

###### 

Effects of natural honey, Metformin or their co-administration on serum levels of testosterone, LH, FSH and Insulin in different groups (N=6 rats per group).

  **Group**   **Testosterone (ng/ml)**                     **LH (IU/L)**                                 **FSH (IU/L)**                                **Insulin (pmol/L)**
  ----------- -------------------------------------------- --------------------------------------------- --------------------------------------------- ---------------------------------------------
  C           3.60 ± 0.04[a](#TFN1){ref-type="table-fn"}   0.23 ± 0.002[a](#TFN1){ref-type="table-fn"}   0.13 ± 0.004[a](#TFN1){ref-type="table-fn"}   2.18 ± 0.014[a](#TFN1){ref-type="table-fn"}
  HC          3.57 ± 0.04[a](#TFN1){ref-type="table-fn"}   0.22 ± 0.002[b](#TFN1){ref-type="table-fn"}   0.12 ± 0.002[b](#TFN1){ref-type="table-fn"}   2.18 ± 0.014[a](#TFN1){ref-type="table-fn"}
  D           2.55 ± 0.06[b](#TFN1){ref-type="table-fn"}   0.14 ± 0.004[c](#TFN1){ref-type="table-fn"}   0.05 ± 0.004[c](#TFN1){ref-type="table-fn"}   0.95 ± 0.017[b](#TFN1){ref-type="table-fn"}
  MD          3.16 ± 0.004c                                0.18 ± 0.004d                                 0.08 ± 0.002d                                 1.74 ± 0.018c
  HD          3.21 ± 0.004d                                0.19 ± 0.004e                                 0.12 ± 0.002e                                 2.12 ± 0.018d
  HMD         3.25 ± 0.004d                                0.19 ± 0.004e                                 0.13 ± 0.002f                                 2.175 ± 0.012d

D: Diabetes-induced (65 mg/kg)

MD: Metformin (100 mg/kg)-received

HD: Honey-administrated (1 gr/kg/day)

HMD: honey and metformin-co-treated.

All data are presented as Mean±SE

present significant differences (p\<0.01, p\<0.001) between marked data in same column.

###### 

Effects of natural honey, Metformin or co-administration on seminiferous tubules diameter (STD), spermiogenesis index (SPI) and thickness of the epithelium in different groups (N=6 rats per group).

  **group**   **STD (µm)**                                  **SPI (%)**                                 **thickness of the epithelium (µm)**
  ----------- --------------------------------------------- ------------------------------------------- -------------------------------------------
  C           225.0 ± 6.4[a](#TFN2){ref-type="table-fn"}    95.5 ± 0.6[a](#TFN2){ref-type="table-fn"}   45.0 ± 0.4[a](#TFN2){ref-type="table-fn"}
  HC          227.50 ± 4.7[a](#TFN2){ref-type="table-fn"}   95.5 ± 0.2[a](#TFN2){ref-type="table-fn"}   45.2 ± 0.4[a](#TFN2){ref-type="table-fn"}
  D           159.2 ± 4.1[b](#TFN2){ref-type="table-fn"}    57.0 ± 0.9[b](#TFN2){ref-type="table-fn"}   30.0 ± 0.4[b](#TFN2){ref-type="table-fn"}
  MD          190.5 ± 0.4[c](#TFN2){ref-type="table-fn"}    84.5 ± 0.6[c](#TFN2){ref-type="table-fn"}   38.7 ± 0.2[c](#TFN2){ref-type="table-fn"}
  HD          192.2 ± 0.8[c](#TFN2){ref-type="table-fn"}    94.0 ± 1.2[d](#TFN2){ref-type="table-fn"}   37.7 ± 0.4[c](#TFN2){ref-type="table-fn"}
  HMD         203.7 ± 1.0[d](#TFN2){ref-type="table-fn"}    97.0 ± 0.8[d](#TFN2){ref-type="table-fn"}   39.5 ± 0.2[d](#TFN2){ref-type="table-fn"}

D: Diabetes-induced (65mg/kg),

MD: Metformin (100mg/kg)-received

HD: Honey-administrated (1gr/kg/day)

HMD: honey and metformin-co-treated.

All data are presented as Mean±SE

present significant differences (p\<0.01) between marked data in same column.

![Cross section from testis; (**A**) control group: note normal testicular tissue with normal seminiferous tubules in higher magnification (**F**). (**B**) Non-treated diabetic testis: the seminiferous tubules are degenerated and remarkable edema is manifested in interstitial tissue. Note negative TDI and SPI in higher magnification (**G**). (**C**) Metformin and honey co-treated group, showing normal spermatogenesis (**H**) with decreased edema. (**D**) Honey alone-treated group: The tubules are appeared approximately normal accomplished with significant decrease in edema. Note the normal spermatogenesis in higher magnification (**I**). (**E**) Metformin alone-treated group: The tubules are presented with higher thickness of germinal epithelium (**J**) while the mild edema remained in interstitial tissue. H&E staining technique, (**A, B, C, D, E**: 100× and **F, G, H, I, J**: 400×).](ijrm-11-1013-g001){#F1}

Discussion
==========

The deterioration of pancreatic β-cell function is caused by low expression of antioxidant enzymes such as superoxide dismutase, catalase, and glutathione peroxidase in the pancreas and increased generation of reactive oxygen species (ROS). Antioxidants have been identified as protection to the pancreas against oxidative stress in diabetes mellitus. Previously it has been shown that honey could fairly decrease the oxidative stress-induced damages in testicular tissue following smoking ([@B11]). Considering this finding, it may be concluded that the phenolic compounds such as flavonoids as a powerful antioxidants are able to prevent and/or inhibit diabetes-induced derangements ([@B6]).

On the other hand, honey contains different minerals such as zinc, selenium, copper, calcium, potassium, chromium, manganese. Some of these minerals have play vital roles in the maintenance of normal glucose tolerance, insulin secretion from the pancreas and some else involved in glucose and insulin metabolism ([@B5]). Thus here in this study the honey was administrated in order to protect the testicular tissue against diabetes-exerted damages in testicular tissue by two mechanisms of honey's antioxidant feature and its effect on blood level of glucose. Present study showed that the blood level of insulin decreased in diabetic rats, which was in good accordance with those findings with Erejowa *et al*, whereas the diabetic animals which were received honey (HD) manifested with improved levels of insulin. This improvement could be related to honey's protective effect on β-cells of pancreas ([@B10]).

It has been illustrated that, creating of any experimental diabetes in rats is associated with disorder in reproductive system physiologic function in both genders ([@B18]). Indeed, the diabetes impacts on the testicular tissue due to insufficient production of insulin which in turn results in reducing the sertoli and leydig cells endocrine function ([@B19]). Moreover the diabetes-decreased serum level of FSH can severely affect the testicular endocrine function and spermatogenesis as well. In the light of this hypothesis, previous reports showed that decreased level of insulin in diabetic rats resulted into remarkable reduction in FSH level ([@B19]).

Our biochemical analyses exhibited that the serum levels of FSH and LH decreased in diabetic rats. Meanwhile the rats in HD and HMD groups showed improved levels of gonadotrophic hormones. Minding that the insulin is essential for sustain receptors on leydig cells and for leydig cells division, we can suggest that honey alone (HD) and in combination with MF (HMD) could protect spermatogenesis by up-regulating the insulin level in the blood ([@B20]). This hypothesis approved by our biochemical analyses, as the animals in treated groups showed significantly increased levels of insulin.

Studies showed that oxidative stress reduces enzymatic and non-enzymatic level in leydig cells and causes reduction of testosterone. Therefore, the diabetes-induced oxidative stress in testicular tissue inhibits androgenesis by leydig cells ([@B21]). In present research the serum level of testosterone reduced in diabetic group which was in accordance with the findings of Stefanovic *et al* ([@B22]). We found that the animals in treated groups showed significant increased in testosterone level. As any derangement in testosterone synthesis can impact the spermatogenesis negatively, the honey, albeit with some differences, could up-regulate the testosterone level and subsequently protected spermatogenesis cell lineage ([@B23]).

It is well noted that there is a negative correlation between increased ROS level and normal spermatogenesis ([@B24]). It has been shown that the diabetes results in remarkable reduction in spermatogenesis and decreases the seminiferous tubules diameter by tubular atrophy ([@B25]). Histological observations revealed that the animals in HD and HMD groups manifested with positive spermiogenesis index.

Considering the fact that the normal spermatogenesis largely depends on lowered oxidative stress and increased endocrine activity by leydig and sertoli cells, we can conclude that honey can decrease tubular atrophy partly by down-regulating oxidative stress and as well by improving testosterone biosynthesis. Thus, the animals in treated groups exhibited remarkably higher germinal epithelium height and as well the seminiferous tubules diameter in comparison to non-treated animals.

Conclusion
==========

Our data suggest that, the honey could inhibit the diabetes-induced damages in testicular tissue. Moreover, honey and metformin co-administration showed better results versus other forms of application. Thus it could be suggested that simultaneous administration of honey with metformin could be considered as appropriate form of application, as the testes of honey-received groups were manifested with improved histological features. Moreover, honey and metformin could improve testicular endocrine activities partly by regulating gonadotropins levels.
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